OBJECTIVE: To report chronic opioid therapy discontinuation rates after five years and identify factors associated with discontinuation. METHODS: Medical and pharmacy claims records from January 2000 through December 2005 from a national private health network (HealthCore), and Arkansas (AR) Medicaid were used to identify ambulatory adult enrollees who had 90 days of opioids supplied. Recipients were followed until they discontinued opioid prescription fills or disenrolled. Kaplan Meier survival models and Cox proportional hazards models were estimated to identify factors associated with time until opioid discontinuation. RESULTS: There were 23,419 and 6,848 chronic opioid recipients followed for a mean of 1.9 and 2.3 years in the HealthCore and AR Medicaid samples. Over a maximum follow up of 4.8 years, 67.0% of HealthCore and 64.9% AR Medicaid recipients remained on opioids. Recipients on high daily opioid dose (greater than 120 milligrams morphine equivalent (MED)) were less likely to discontinue than recipients taking lower doses: HealthCore hazard ratio (HR) = 0.66 (95%CI: 0.57-0.76), AR Medicaid HR=0.66 (95%CI: 0.50-0.82). Recipients with possible opioid misuse were also less likely to discontinue: HealthCore HR =0.83 (95%CI: 0.78-0.89), AR Medicaid HR=0.78 (95%CI: 0.67-0.90). CONCLUSIONS: Over half of persons receiving 90 days of continuous opioid therapy remain on opioids years later. Factors most strongly associated with continuation were intermittent prior opioid exposure, daily opioid dose ≥ 120 mg MED, and possible opioid misuse. Since high dose and opioid misuse have been shown to increase the risk of adverse outcomes special caution is warranted when prescribing more than 90 days of opioid therapy in these patients.
INTRODUCTION
The long-term efficacy and safety of chronic opioid therapy (COT) for chronic non-cancer pain (CNCP) is not well established. In randomized controlled trials, oral opioids offer improved pain relief for musculoskeletal and neuropathic pain versus placebo over weeks to months. 1 Efficacy data on longer term opioid use is limited to open label extensions of short term trials. These show that discontinuation of opioids is common, generally due to side effects or lack of efficacy. [2] [3] [4] Professional pain guidelines note limitations in the evidence supporting COT and potential serious harms, but state that COT can "be effective therapy for carefully selected and monitored patients". 2, 5 Use of COT for CNCP has dramatically increased over the past three decades. [6] [7] [8] There has been a parallel increase in abuse of prescribed opioids 7, 9 with prescription opioid abuse the fastest growing form of drug abuse 9 and prescription opioids most frequently associated with accidental fatal drug overdose. 10 Evidence linking prescribed opioid dose with risk of adverse outcomes is emerging. 11, 12 It is not known how long COT recipients generally continue opioid therapy or who is likely to continue COT long term. Electronic health care data offers a unique opportunity to investigate duration of COT within large clinical populations over long time periods. In this study, we report opioid discontinuation rates of COT users over a follow-up period of up to five years and investigate factors associated with discontinuation in a geographically diverse national sample of COT recipients with commercial insurance and a state-based Medicaid sample.
METHODS

Data Source
Data were obtained from claims records from January 2000 through December 2005 from HealthCore, the country's largest private health network, and Arkansas Medicaid. HealthCore data included plans from 14 states in the Western, Mid-Western, and South-Eastern United States. These two populations were chosen to assess the range of opioid use and its consequences in disparate populations. A waiver of the requirements for informed consent was granted from the Human Subjects Review Committees at participating institutions.
Study Sample
The analytical sample consisted of adult enrollees with continuous chronic opioid use. Inclusion Criteria: 1) At least one chronic opioid use episode with> 90 days of opioid supplied in any 6 month period between 3/6/2001 and 12/31/2004. Continuous chronic opioid use was defined as opioid use without a 32 day gap occurring between fill dates. The first day of the chronic opioid use episode was defined as the index date. 2) Continuous enrollment for 24 months, 12 months before and after the index date. Exclusion Criteria: 1) Any claim for long-term or hospice care, 2) Cancer diagnosis in the year prior to the index date (other than non-melanoma skin cancer). 23,419 enrollees in HealthCore and 6,848 in Arkansas Medicaid met these criteria. Details of the HealthCore and Arkansas Medicaid populations and their opioid use have been described elsewhere. 8, 13 Opioid Discontinuation
Subjects were followed from their first chronic opioid use episode until disenrollment, death, opioid discontinuation, or until the study period ended. Opioid discontinuation was defined as a period of at least 182 days of enrollment without any opioid prescription claims from the run out date (prescription fill date + days supplied) of the last prescription.
Sociodemographic and Clinical Variables
Data on sociodemographic variables came from the recipient enrollment files. For the HealthCore sample, census tracts and state level codes were used to describe minority, education, and income characteristics of the recipient's area of residence. In each case, we coded whether a recipient came from a tract above or below the median value for the country. Clinical characteristics of the recipients based on ICD-9-CM codes were collected from claims records in the 12 months preceding the index date. The Charlson comorbidity index 14 a common measure which weights 22 comorbidities that has been adapted for use with administrative data was used as a measure of overall medical comorbidity. Arthritis/joint pain, back pain, neck pain, and headache-the most common diagnoses for long-term opioid use in a general medical population 8 -were selected as tracer pain diagnoses, and tracked individually. The count of other ("non-tracer") pain diagnoses: extremity pain, abdominal pain, chest pain, kidney stones/gallstones, pelvic pain, rheumatoid arthritis, fractures, neuropathic pain, fibromyalgia, and temperomandibular joint pain was used as a measure of non-CNCP pain. Mental health and substance use disorders were grouped based on ICD- (7) all three opioid types. Intermittent prior exposure to opioids was defined as having 30 or more days of opioid supplied in the 6-month period immediately prior to the COT episode. We used data on days supply and measures of any exposure for the following non-opioid medications, often used in the treatment of patients with CNCP: sedative/ hypnotics (mainly benzodiazepines, but also other hypnotic drugs), muscle relaxants, stimulants, Cox-II inhibitors, anticonvulsants, tricyclic antidepressants, serotonin or serotoninnorepinephrine re-uptake inhibitors (SSRI/SNRI), and other analgesic medications. An opioid misuse score based on excess days supplied of short-and long-acting opioids, the number of unique opioid pharmacies and opioid prescribers was calculated in the six-month post-index period. 16 The misuse score was trichotomized with misuse scores of 0 to 1 representing the lowest probability of opioid misuse, 2-3 representing possible misuse, and scores of 4 or greater representing the highest probability of misuse.
Statistical Analysis
Descriptive statistics were calculated for demographic and clinical variables. We used Kaplan Meier survival models to estimate unadjusted time to discontinuation. Stepwise Cox proportional hazards models were estimated to identify factors associated with time until opioid discontinuation. Variables were classified into 6 groups, and the groups were ordered as follows: (1) demographic variables, (2) misuse variables, (3) pain diagnoses and Charlson index, (4) pharmacological variables, and (5) mental health/substance abuse diagnoses.
Within each group, we performed a model selection process to choose the "final model" using the STEPWISE option in SAS Sixty seven percent and 64.9% of HealthCore and AR Medicaid chronic opioid patients remained on opioids before they became censored (Fig. 1) . In both samples, the most significant and consistent predictors of opioid discontinuation were mean daily opioid dose and prior intermittent opioid use [ Table 2 ]. Persons on average daily doses greater than 120 MED were 34% less likely to discontinue than persons taking doses at or below the median daily dose in the both samples (Fig. 2) . Persons with a misuse score of≥2 were about 20% less likely to discontinue than persons with a misuse score of<2 in the HealthCore sample (Fig. 3) . Persons with opioid exposure prior to beginning their COT were 24-45% less likely to discontinue as those without 30 days or more of exposure. For AR Medicaid, the types of opioid used were not associated with discontinuation. However, in HealthCore persons prescribed only short acting Schedule II opioids were significantly more likely to continue than persons prescribed only schedule III and IV opioids.
Demographic factors were not strongly associated with discontinuation, though persons between the ages of 41 and 64 were approximately 10% less likely to discontinue than elderly counterparts. Persons with multiple tracer pain conditions were 18% less likely to discontinue than persons without any tracer conditions in AR Medicaid. Discontinuation was not associated with the number of non-tracer painful conditions in either sample. Persons with a personality disorder were 76% more likely to discontinue in HealthCore than those without any personality disorders. An alcohol abuse diagnosis in AR Medicaid and HealthCore was associated with a greater likelihood of discontinuation,; however, an opioid abuse diagnosis was not associated with discontinuation in either sample (variable not entered in stepwise selection process). Use of sedative hypnotics, muscle relaxants, antidepressants, and anti-migraine medications was associated with a lower likelihood of discontinuation in HealthCore, but not in AR Medicaid.
DISCUSSION
Among this large and diverse sample of continuous chronic opioid users, approximately two thirds of persons remained on opioid therapy years later. This suggests that continuous opioid therapy for at least three months often leads to a course of opioid therapy that persists over years.
Previous evidence on COT duration is limited to withdrawal rates from extensions of open label clinical trials, where it has been reported that 32% discontinue due to adverse events and 12% due to inadequate pain relief over a 6-to 18-month time period. 1 However, professional COT guidelines address discontinuation largely as a consequence of aberrant drug behaviors. 2 There are no randomized trials or controlled observational studies comparing outcomes with continuation vs. discontinuation of COT over extended periods. In our current study, we are unable to distinguish between patients who discontinue because of improved pain and function vs. those who discontinue because of side effects, analgesic failure, or aberrant drug behaviors. What can be learned from our data is that once a person has transitioned to COT, more than half will likely continue to use opioids a half a decade later under existing practice patterns. This is an important point for clinicians to consider and discuss with patients prior to deciding on a regimen of COT. Prior intermittent opioid use had the strongest association with opioid discontinuation, even though we required at least a 32-day gap between any prior intermittent use and the beginning of their COT therapy, so that the start point of their COT could be clearly defined. Over half of persons who go on to receive COT, have intermittent use beforehand, implying that many persons who are prescribed intermittent opioids are gradually titrated up to daily or near-daily COT.
Other strong predictors of opioid continuation were daily opioid doses over 120 mg MED and possible opioid misuse. The effect of high dose opioids on discontinuation is consistent with a study of workers with back injury where the maximum dose of opioids in the first three months after injury was the strongest prognostic factor for continued opioid use at one year. 18 Though the mechanisms of opioid analgesic tolerance are still unclear, 19 the association between high daily doses and longer durations suggest that opioid tolerance and withdrawal symptoms may drive escalating doses and longer durations of therapy. Opioid dose may be a marker for more difficult to treat pain conditions or other comorbidities; however, it remained significant in multivariable models that attempted to control for a range of comorbidities. This association of high dose COT and continuation is of concern since prescribed daily opioid dose over 100 mg MED has been associated with increased risks of overdose 11 fracture, 12 dependence 13 and death. 20 Patients with possible opioid misuse were also significantly less likely to discontinue opioid therapy, but probable misuse was not significantly associated with longer durations of opioid therapy in the AR Medicaid sample; this is likely due to the relatively small number of patients (n=98) in this category. Our misuse score is derived from excess days supplied of opioid, multiple opioid prescribers and multiple opioid pharmacies and may reflect "doctor shopping", diversion or other aberrant medication behaviors; this measure has been shown to be associated with substance abuse diagnoses, 16 but may also reflect legitimate care delivered by multiple providers. Nevertheless, the 20% increase in the time until opioid discontinuation associated with possible misuse in both samples is worrisome since higher daily opioid doses and opioid misuse have been associated with adverse outcomes of COT. Overall, these data show that approximately 1 in 7 persons on COT potentially misuse opioids and these patients take opioids for durations that are measured in years. With the increase in prescription monitoring programs throughout the U.S., some of the measures with which our misuse score were derived can be monitored in order to deter aberrant opioid behaviors but future research will be needed to assess the effectiveness of these strategies. Recipient demographics had modest and variable effects on the time until discontinuation. Younger persons 18-30 years old were relatively more likely to discontinue than middle aged persons. This might be due to the increased risk for misuse and abuse of opioids among younger persons, 13, 21 which may lead to greater vigilance of prescribers and pharmacists or may reflect less persistent and severe pain. Persons with prior non-opioid drug or alcohol abuse were also more likely to discontinue, which might also suggest greater vigilance in this higher risk group. The lack of consistent associations between most mental health disorders and discontinuation is surprising given previous studies demonstrating increased use of COT for CNCP among persons with mental health disorders and substance use disorders. [22] [23] [24] [25] [26] Nearly 40% of the COT users in both samples also had a sedative hypnotic prescribed and in the Health Core sample, these drugs were associated with a lower discontinuation rate. The high rate of co-prescribing of sedative hypnotics to COT raises safety concerns as benzodiazepines are the most frequent co-intoxicants in opioid related deaths.
27
Although long-acting opioids are often recommended in COT guidelines, 2, 5 we found that only 13-15% of COT recipients used a long acting opioid and did not find that long-acting opioids were associated with COT continuation. In the HealthCore sample, recipients using only short-acting schedule II opioids in the first six months of their opioid episode were less likely to discontinue COT. Furthermore, over three quarters of COT recipients received non-schedule II opioids as their primary opioid in the initial six months of COT. While recent federal efforts in responding to the prescription drug abuse problem have focused on the risks of long-acting opioids, 28 our data suggest that this would only address 1 in 6 COT recipients. These data should be interpreted in light of the following limitations to our study. First, all the recipients in this sample were prescribed a minimum of 90 days of supply of continuous opioid therapy over a 6 month period. Rates of discontinuation are likely higher for persons exposed to shorter or less continuous opioid therapy. Future work could determine if there is a duration threshold, beyond which discontinuation becomes much less likely. Second, our definition of discontinuation relied on the absence of any opioid prescription claims for at least 182 days. Recipients who used opioids intermittently or had gaps of less than 182 days between opioid prescriptions were not classified as discontinuations. This long period to define discontinuation minimizes, but does not eliminate the chances that a person continued to use opioids that they "stockpiled". The data were drawn from two disparate sources, a geographically dispersed commercial population and a single state's Medicaid population and it is unknown to what extent these findings can be generalized to other settings. We found differences between the samples for some of the factors associated with discontinuation which suggest these weaker factors may be less generalizable; however, the relative consistency of the rates of discontinuation and the associations with dose and prior use common in both samples are more likely to be representative of long term opioid use in the U.S. We used stepwise procedures to identify the significant factors in our Cox models; this can lead to model mis-specification errors which may exclude relevant variables and include spurious factors; however, model mis-specification errors are less likely for those factors identified in both samples. When inspecting the Kaplan Meier curves (Figs. 2 and 3 ), the key variables appear to meet the proportional hazards assumption; however, interactions between time and key variables were significant in models checking the proportional hazards assumption, which suggests that the hazard ratios we report represent the average effect and this may not be strictly proportional throughout the follow-up period. Lastly, because we did not have links between diagnoses and prescriptions nor have patient reported data, it was not possible to identify the specific reason for COT or the pain severity level; this makes it difficult to interpret some of our associations, particularly for high daily opioid doses and lower discontinuation rates.
CONCLUSIONS
Over half of persons prescribed 90 days of opioid therapy over a six-month period remained on opioids years later and these rates of extended use should be considered and discussed with patients prior to initiating a course of COT. The factors most strongly associated with opioid continuation were prior opioid exposure, daily opioid doses of 120 mg MED per day, and possible misuse; however the data from which these associations were observed did not have clinical measures such as pain or disease severity. Additional caution and monitoring is advised for those who receive more than 90 days of continuous opioid therapy, particularly those who are on high doses or exhibit patterns of potential misuse.
